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PRODUCING LINES OF LIGHT FOR 
POSITIONING ASSISTANCE FOR ROBOTS 

Background of the Invention 

[0001] This invention relates to a device for producing lines 

:>r groups or lines of electromagnetic radiaticn of the optical 
spectral range in a definable area of space. The lines or groups 
of lines car. be used as positioning aids or geometry detection 
aids, and they include at ..east one conversion unit which is at 
least partially transparent to the electromagnetic radiation 
-sed, and which can convert the electro-magnetic raaiation passing 
through it, especially coherent radiation or laser radiation, 
such that the electromagnetic radiation forms at least one line 
or group of lines in a given three-dimensional area. 
[0002] A device of this type is used, for example, to give to 

a robot a positioning aid for machining of a workpiece, or to 
make available to the robot a recognition aid for the contour or 
the g e ome t r y o f a w o r k piece . G e nerall y, t h e e 1 e c t roma g ne tic 
radiation is laser light which passes through the conversion unit 
into the stipulated three-dimensional area located, for example, 
on the wcrkpiece such that on the workpiece tor the robot, 
recognizable jioups of lines are copied in the form of a planar 
orthogonal arid. Using these groups of lines, made for example 
as grids, the rtbot is enabled to- machine the workpiece at given 
points . 

[0003] Conversion units in the past are dif tractive elements 

such as holograms which can diffract parts of the laser light 
penetrating the conversion unit, such that in the given three- 
aimensional area, for example, on the workpiece, lines, or for 
example, grid-shaped groups of lines form. One defect, in the 
past embodiments of the conversion unit using dif fr active 
elements, is that a substantial portion of the electromagnetic 
radiation is diffracted into undesirable orders so tnat generally 
far less than b j : : of the electromagnetic radiation incident on 
the conversion unit contributes to producing lines or groups of 
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lines. Furthermore, when the ::nversic-r. unit is equipped with 
dif fractive elements, 1: is d i. sa avantageous that only very small 
widening angles can be achieve-:!, so that only in a relatively 
s ma 11 range of solid angles ten: r:d the conversion ur.it, c an lines 
or groups of lines be produced. 

[0004] The object of this invention is to devise- a _ievi :e of 

the. initially mentioned type which is mace to be mere efficient . 

SUMMARY OF THE INVENTION 

[0005] This is achieve':; as depicted in the invention, i n that 

the cenversion unit includes at least one refractive element. 
By refraction of the radiation passing through the conversion 
unit, on at least one optically functional interface- of the 
refractive element, at least one line or group of lines is forme:! 
in the given three-dimensional area. When using a refractive 
element, much higher e f f i rienci es of almost 100- can be achieved. 
Furthermore, refractive elements make it possible to dramatically 
broaden the electromagnetic radiation incident on the conversion 
unit, so that trie desired lines, or groups of lines, can be 
formed in an essentially larger range of solid angles behind the 
conversion unit . 

[0006] To do this, the optically functional interface of at 

least one refractive element can have a freely selectable 
configuration which is suitable for the lines, or line rinups, 
to be produced. It is, for example, possible t: divide the 
optically functional interface of at least one refractive element 
into segments. Tn this case, the segments can have the same size 
and can be shapeo to be identical. 

[0007] According to one preferred embodiment of this 

invention, the individual segments can have a cylinder lens 
geometry, there being, preferably, two groups of segments with 
cylinder axes of cylindrical geometry perpendicular to one 
a neither. The cylinder lens geometry of the individual segments 
:an be a spherical, or an a spherical, cylinder lens geometry. 
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Especially in the choice of these cylinder lens geometries, is 
it possible to widen the electromagnetic radiation passing 
through the conversion unit behind the latter into a solid angle 
:>f up to, -or even more than, 180 . For example, groups of 
crosseoi lines can be formed, by the arrangement of individual 
segments cf one optically functional interface, as cylinder lens 
segments with cylinder axes perpendicular to one another and can 
form a grid-like structure, as for example, a planar orthogonal, 
grid with a -correspondingly array-like arrangement of one 
r e f race i ve elements . 

[0008] In is possible, as depicted in the invention, for the 

produced lines to be straight or even curved lines. Furthermore, 
it is possible for the generated groups of lines to be crosses, 
triangles, polygons or grids, and the lines which form the 
individual groups of lines can be at a right, or it a non-right 
angle to one another. 

[0009] According to one preferred embodiment of this 

invention, the -generated lines or groups of lines are curved such 
that upon incidence on a curved surface of a workpiece in a given 
three-dimensional area cn this workpiece, they form a planar 
structure, especially a planar, orthogonal grating. It is, for 
example, conceivable that in machining robot machines, the 
workpiece removes material from the workpiece with the aid of the 
aforementioned inherently curved grid structure until the sensors 
of the robot detect that the line structure which is incident on 
the machined curved surface of the workpiece forms a planar 
orthogonal ::rid. The conversion unit, encompassed by the device- 
as depicted in the invention, causes distortion of the traversing 
electromagnetic radiation which is distorted by a correspondingly 
curved workpjicce such that a clearly detectable structure like 
a planar o r t h o g -on a 1 g rid is for me d . 

[0010] It is p ossicle for the device to include a source for 

producing electromagnetic radiation, especially a laser light, 
source. The device together with the laser light source can be 
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used either as a separate unit or can, for example, be installed 
in a corresponding robot for machining of workpieces. 
[0011] It is also possible tc use one such device for process 

monitoring, f:r example, to- monitor a welding process, here 
especially, an application in conjunction with CMOS cameras is 
suitable, because these CMOS cameras have much higher dynamics 
s:> char among -others both the welding point and also its vicinity 
can be better recognized, so that, for example, the lines, or 
groups of lines, imaged on the workpiece to- be welded can be 
oetter recognized by the welding unit, or the process monitoring 
mit. Other possible applications of a device as depicted in the 
invention are in the area of surface analysis or three- 
dimensional assignment, especially tracking of a system. 

Brief Description of the Figures 

[0012] Other advantages and features of this invention become 

clear from the following description of preferred embodiments 
with reference to the attached Figures: 

[0013] Figure 1 shows a perspective view of a conversion unit 

as claimed in the invention; and 

[0014] Figure 2 shows a plan view of four groups of lines of 

electromagnetic radiation which can be produced using the 
conversion unit as shown in Figure 1 in a predefinable three- 
dimensional area. 

Detailed Description of the Invention 

[0015] First, reference is made to Figure 1. The sample 

embodiment of a conversion unit 1 as depicted in the invention, 
as shown in Figure 1, is composed of four identical refractive 
elements 2. In one embodiment shown, the refraotive elements 2 
are each of the same size and each have a planar quadratic entry 
surface for the electromagnetic radiation, the four entry 
surfaces being located bordering one another suon tnat the four 
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quadratic planar entry surfaces cf the refractive elements form 
a :: on tin j dus square. 

[0016] r Jne optically functional interface 3, which is used as 

the exit surface for the electromagnetic radiation, made for 
example as a laser beam is opposite the planar entry surface of 
each o f the refractive elements 2. In the embodiment shown, tone 
optically functional interfaces 1 are each divided into four 
segments 4. In the embodiment s.cown, the segments being chosen 
such that the refractive element 2 represents a regular four- 
sided pyramid with curved side surfaces. The curvature of the 
segments 4 of the optically functional interface 3 is chosen in 
the embodiment shown such that the segments 4 opposite one 
another are sections of the same cylinder jacket. Hero- the 
cylinder axes of adjacent segments 4 are perpendicular to one 
encther at the same time. Each cf the refractive elements 2 thus 
include, in the embodiment shown, an optically functional 
interface- .?■ which is composed of four segments 4 which are used 
as cylinder lenses. These segments 4 which are used as cylinder 
lenses touch one another at the tip of the aforementioned regular 
polygonal pyramid with curved side surfaces. 

[0017] With cor rest, ending transparency of the conversion unit, 

shown in Figure L, to the electromagnetic radiation incident on 
the conversion unit 1, in the three-dimensional area which is 
licatei preferably at the distance of the focal length of the 
cylinder lens-like segment 4 from the conversion unit, there is 
an arrangement of grcups b of lines which is apparent from Figure 
. Fach of the groups c cf lines include two lines 6, 7 which 
cross one another at an angle of 90 . Each of the lines t and 7 
represents a combined focal line of two segments 4 of an 
■optically functional interface 3 of one of the refractive 
elements 2, the two segments 4 being opposite one another . The 
vertical position cf the :y I i ride r axes of adjacent segments 4 of 
refractive eierrents 2 yields the cross shape cf each of the 
groups 5 of lines. In particular, the right angle between the 
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lines 6 and 7 follows from the cylinder axes of adjacent segments 
4 being perpendicular t :■ one another. 

[0018] If the cylinder axes of adjacent segments are not 

perpendicular to one another, there is a grcup cf lines in which 
the individual lines cross at an angle which is not equal to a 
right angle. It is possible as depicted in the invention to 
ohoose different geometries of the individual segments. For 
example, aspherical cylinder geometries can be used, or even 
largely free-firm surface geometries. It is also possible to 
divide the optically functional interfaces into nr.: re or less than 
f ou r segment s . 

[0019] In this way, not only crossed groups of lines which 

a:c :-rdinq to Figure 1 overall yield a grid, but also lines which 
yield a triangle cr lines which yield a polygon and which are 
titer, combined with the corresponding other groups of lines into 
patterns can be produced. It is also possible to execute the 
individual lines as curved lines, depending on the geometrical 
configuration of the individual segments or the individual 
optically functional interfaces of the conversion unit. 
[0020] Furthermore, it is possible to produce for example 

arid-shaped groups of lines which then become apparent only as 
an orthogonal grid structure when the laser radiation passing 
through the conversion unit in the given three-dimensional area 
is incident on a curved surface of a wcrkp.i.c :e. One such 
structure which appears as an or t hogona 1 grid structure in 
pr j-jecticn on: : a ocrved surf a re rould be used, for example, 
within the framework cf nachinm:: processes on the aforementioned 
wcrkpiece. In particular, a robot which shapes a wcrkpiece could 
remove material in a controlled manner on the wcrkpiece until the 
light passing through from the conversion unit t :> the wcrkpiece 
yields an orthogonal planar grid. In this case, the workpie:e 
has the oesirea curved surface on which the projected arc ups of 
lines yield an orthogonal planar grid. 

[0021] It is furthermore possible for the device for producing 

lines i)r groups cf lines to be integrated into a robot which 
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machines workplaces so that both a laser light source and also 
a corresponding conversion unit are encompassed by the robot. 
Alternatively, there can be a separate device for producing lines 
or groups of lines which includes a laser light source and a 
conversion unit and accordingly must be arranged at a given 
interval to the workpiece which is to be machined by the robot. 



